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During  the  treatment  of  cases  of  cerebrospinal meningitis with 
antimeningococcic serum in a large army hospitaF a peculiar reaction 
was repeatedly observed.  This  reaction appeared in patients who, 
after  having received several intraspinal injections of  serum,  were 
given serum intravenously.  While the injection was being made into 
the blood stream, or immediately  afterward, some of the following signs 
and  symptoms  were  frequently  noted:  flushing,  sudden  feeling  of 
warmth,  and  restlessness,  followed  by  pallor,  dyspnea,  cyanosis, 
vomiting, and prostration.  Hypodermatic injections of epinephrine 
and atropin brought relief.  In the press of work there was no oppor- 
tunity for detailed blood pressure and temperature studies.  These 
manifestations, apparently anaphylactic, occurred only when several 
intraspinal  treatments  were given before  initial intravenous  serum 
therapy, and had no relation to the time of the last intraspinal injec- 
tion.  They were not  noted  when  combined intraspinal and intra, 
venous therapy was applied from the outset.  Similar observations 
are described by Stone and TruiW in a  report of a  large series of 
cases  of cerebrospinal meningitis, and Haden  s mentions intolerance 
to antimeningococcic serum under like conditions. 
With this experience in mind, horse serum was injected into rab- 
bits intraspinall~ and the resulting precipitin formation in the blood 
1 Hospital of the American Embarkation Center, Le Malls, France. 
2 Stone, W. J., and Truitt, R. C. P., Arck.  Int. Med.,  1919,  xxili, 282. 
3 Haden, R. L., Arck. Int. Med., 1919, xxiv, 514. 
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was compared with that induced by similar intravenous injections. 
In a few instances anaphylactins were studied. 
The formation of specific precipitins, in the blood, to foreign proteins was first 
recorded by Kraus  4 in 1897.  Since then, numerous methods have been described 
for inducing the formation of these bodies in high titer.  5, s, 7  Protein is injected 
into susceptible animals, either ~a the blood stream or peritoneum, the methods 
differing chiefly in dose and interval. 
Weed  8 has dearly shown the pathway by which substances injected into the 
subarachnoid space readily find access to the blood stream.  On the other hand, 
most substances, including circulating toxins and antibodies  (agglutinins to B. 
typhosus, tetanus toxin, and hemolytic amboceptors) 0, lo, n are normally excluded 
from the spinal fluid by means of the meningeal-choroid complex which  acts as 
an effective barrier to them.  Artificial damage to the meninges, however, by 
such agents as normal horse  serum and even normal salt solution, makes them 
permeable to immune bodies.  Flexner and Amoss  12 thus recovered neutralizing 
principles to the virus of anterior poliomyelitis from the spinal fluid, after intra- 
venous injection into monkeys.  More recently, Amoss and Eberson  13 by similar 
methods detected meningococcic  agglutinins in the cerebrospinal fluid after their 
introduction into the blood stream. 
EXPEP r~r~.NTAL. 
Normal horse serum, without preservative, was used throughout 
the  experiments.  It  was  injected into  the  subarachnoid  space  of 
rabbits  by  introducing a  No.  24  Luer needle attached  to  a  glass 
syringe, through a  sterile field just below the occipital ridge in the 
midllne.  The  needle  was  carried  forward  and  slightly  downward 
until it punctured the occipito-atlantoid ligament.  A yield of from 
0.5  to  1 cc.  of cerebrospinal fluid was thus  readily obtained.  The 
needle was left in place, the syringe disconnected, and a second syringe 
4 Kraus, R., Wien. Idin. Wock., 1897, x, 736. 
5 Koimer, J. A., A practical text-book of infection,  immunity and specific ther- 
apy, Philadelphia and London, 2nd edition, 1917. 
6 Zins~r, H., Infection and resistance, New York, 2nd edition, 1918. 
7 Hektoen, L., f. Znfe~t. Dis., 1917, xxi, 279. 
s Weed, L. H., AmTJ. Re~., 1917, xii, 461. 
9 Mott, F. W., Lancet, 1910, ii, 1. 
lo Ransom, F., Z. phy.~iol. Chem., 1900, xx.~d, 282. 
11 Cushing,  H., f . Med. Re.se,  arck, 1914-15, xxxi, 1. 
19 Flexner, S., and Amoss, H. L., 9". Exp. M~., 1917, xx~¢, 499. 
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with the correct amount of serum was attached.  After slightly with- 
drawing the plunger to prevent any chance puncture of a  vessel the 
serum  was  slowly injected. 
Precipitin tests were made by mixing 0.3 cc. of rabbit serum with 
0.3  cc.  of  normal  horse  serum  (for  unchanged  horse  serum,  equal 
parts  of an anti-horse  rabbit  serum  with dilutions of the serum  or 
cerebrospinal  fluid  to  be  tested).  After  incubation  at  37°C.  for 1 
hour in a water bath the tubes were placed in the ice chest over night 
and readings were made the following morning.  As controls, normal 
rabbit serum and normal sheep serum were used.  In all instances as 
controls  for rabbits  receiving  subarachnoid  injections  other  rabbits 
were  injected with  identical amounts  of  the  same  serum  intrave- 
nously, and the bleedings and precipitin tests of each were done at the 
same time. 
The  following  protocols  are  selected  as  typical  of  the  results 
obtained.  Text-figs.  1  to 3  are graphic charts of precipitin tests in 
each experiment. 
Exper~wnJ /.--Rabbit  1;  weight  1,860 gin.  Feb.  6,'1920.  Subarachnoid 
puncture.  0.5 cc. of cerebrospinal fluid removed.  0.5 cc. of normal horse serum 
injected.  No reaction. 
Rabbit 2; weight 1,650 gin.  Feb.  6,  1920.  0.5 cc.  of normal horse serum 
injected intravenously. 
Precipitin  Te~ witk Sera 1 and 2 against Dil~ions of Normal Horse Serum. 
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Controls: normal rabbit serum and normal sheep serum against dilutions of normal horse 
serum, negative. 
In the  tables  -/-+ +  indicates  very heavy precipitate;  -t-+, heavy precipi- 
tate;  +, distinct precipitate;  -'-, questionable precipitate;  0, no precipitate; --, 
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In the  text-figures N.H.S.  indicates normal horse serum; I  S.,  intraspinally; 
I V., intravenously. 
TExT-FIG.  1.  Precipitin tests after one intraspinal or intravenous injection of 
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Experiment  2.--Rabbit 3;  weight  2,100  gm.  Mar.  30,  1920.  Subarachnoid 
puncture.  0.5 ce. of cerebrospinal fluid removed.  0.5 cc. of normal horse serum 
injected.  No reaction. 
Rabbit 4; weight 2,100  gin.  Mar. 30,  1920.  0.5  cc. of normal horse serum 
injected intravenously. 
Predpitin Tests with Sera 3 and 4 against Dilutions  of Normal Horse Serum. 
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Controls: normal rabbit serum and normal sheep serum against dilutions of normal horse 
serum, negative. 
F.xperiment 3.--Rabbit 5; weight  1,920  gin.  Mar.  30,  1920.  Subarachnoid 
puncture.  0.5 cc. of cerebrospinal fluid removed.  0.5 cc. of normal horse serum 
injected.  No reaction. 
Rabbit 6; weight 2,000 gin.  Mar.  30,  1920.  0.5  cc. of normal horse serum 
injected intravenously. 
Precipitin Test, with Sera 5 and 6 against Dilutions  of Normal Horse Serum. 
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Controls: normal rabbit serum and normal sheep serum against dilutions of normal horse 
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In these  experiments, in which single injections of normal horse 
serum were made intraspinally and intravenously, precipitins appeared 
in the  blood  stream  in both  instances  on  approximately the  same 
days.  Rabbits  receiving serum intraspinally, however, showed pre- 
cipitins  in  higher  fiters,  which  persisted  after  the  disappearance 
of precipitins in rabbits  treated intravenously.  In the one instance 
I~P. N+ 2 
RAB'.N+= 5.-- 
0.5cc.  N.H.~ kS. 
I~A  B. Nm4 .... 
0.5¢¢, N.I"I~ IV. 
DAY8 AFTER INJEGTION 
2Zl  - 6  8  1012 14- 16 18 ZO2224.~'6Z8 30525,1.~6 
C~,O00  /  .+*'  ..~ 
1,000 
I00  / 
,5~)  ",, 
EXR  Ne 3  i~oX)(~0o0 
RAB. N++ 5 -- 
O.,Sc¢.NJ-I.S.  I~.  1+500~00000 
RAB.Ne 6  ---  I O0 
,,,. 
PXP. Ne II  10,000 
RAB. Ne 2~,--  ,~000 
0.Scc.N.H.S. 15.  1,000 
500 
I~.A  B.  N It ~4---  -  I00 
0,5©c. N.H.~ I V. 
0.5c~ NI'LS. I&  1,000  r- 
500  /  "',. 
RAS.Ne25 ....  I00  / 
O~cc. N.HA IV.  50  o  .. 
~xT-Fm.  2.  Precipit~ tests after one'intrasp~al or intravenous injection of 
normal horse serum. 
that was followed precipitins after intraspinal injections were present 
in the blood in a  titer of  1:1,000  on  the 56th  day  after injection, 
whereas in the  control rabbit,  inoculated  intravenously,  they had 
disappeared  by  the  27th  day.  The  single  exception  appeared  in 
Rabbit  7,  in  which no  precipitins were  found  after  subarachnoid 
injections,  whereas  the  control  showed  a  normal  precipifin  curve ~A~  ~..  ~Z~XA~.~  477 
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TExT-FIG. 3.  Precipitin tests after repeated intraspinal or intravenous injec- 
tions of normal horse serum. 
(Text-fig.  2).  It  is  common to find  rabbits  which  fail  to give any 
precipitin response whatever to protein injections. 5 
In the next series of experiments repeated intrasp!nal  injections of 
normal horse serum were given to rabbits;  as  controls others  were so 
treated intravenously.  The following protocols are typical. 
Experiment 4.--Rabbit  8;  weight  2~500 gin.  Jan.  14,  1920.  Subarachnoid 
puncture.  0.7 cc. of cerebrospinal fluid removed.  0.5 cc. of normal horse serum 
injected.  Jan.  15.  Subaxachnoid  puncture.  0.5  cc.  of cerebrospinal fluid re- 
moved.  0.5 cc. of normal horse serum injected.  Jan. 17.  Subarachnoid punc- 
ture.  0.5  cc.  of cexebrospinal  fluid  removed.  0.5  cc.  of normal horse serum 
injected.  Jan.  20.  Subarachnoid  puncture.  0.5  cc.  of cerebrospinal fluid  re- 
moved.  0.4 cc. of normal horse serum injected.  Jan. 22.  Subarachnoid punc- 
ture.  0.2  cc.  of cerebrospinal fluid  removed.  0.4  cc.  of normal horse serum 
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Rabbit 9; weight 2,350  gm.  Jan.  14,  1920.  0.5  cc.  of normal horse serum 
injected intravenously.  Jan. 15.  0.5  cc.  of normal horse serum injected intra- 
venously.  Jan. 17.  0.5 cc. of normal horse serum injected intravenously.  Jan. 
20.  0.4 cc. of normal horse serum injected intravenously.  Jan. 22.  0.4 cc.  of 
normal horse serum injected intravenously. 
Precipilin  Tests with Sera 8 and 9 against Dilutions of Normal Horse Serum. 
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Controls: normal rabbit serum and normal sheep serum against dilutions  of normal horse 
serum, negative. 
Precipitin Tests  with Dilutions of Sera 8 and 9 against Serum 10, an Anti-Horse 
Rabbit Serum, in Order to Detect  Unchanged Horse Serum 
(Predpilinogen) in the Blood. 
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Precipitin Tests with Dilutions of Cerebrospinal Fluid 8 against Serum I0, an Anti- 
Horse Rabbit Serum, in Order to Detect Unchanged Horse 
Serum "(Predpitincgen)  in the Cerebrospinal  Fluid. 
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Experiment 5.--Rabbit  11; weight  1,780 gin.  Mar.  2,  3,  5,  6,  8,  9,  and  10, 
1920.  On each of these days a  subarachnoid puncture was made, 0.5 cc. of cere- 
brospinal fluid was withdrawn, and 0.5 cc. of normal horse serum injected. 
Rabbit 12; weight 1,900 gin.  Mar. 2, 3, 5, 6, 8, 9, and 10, 1920.  On each of 
these days 0.5 cc. of normal horse serum was injected intravenously. 
Precipilin  Tests with Sera 11  and 12 against Dilutions of Normal Horse Serum. 
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Controls: normal rabbit serum and normal sheep serum against dilutions  of normal horse 
serum, negative. 
Precipitin Tests witk Dilutions of Sera 11 and 12 against  Serum 1, an Anti-Horse 
Rabbit Serum, in Order to Detect  Unchanged Horse Serum 
(Precipitinogen) in the Blood. 
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Precipitin Tests with Dilutions of Cerebrospinal Fluid 11 against Serum 1, an Anti- 
Horse Rabbit Serum, in Order to Detect Unchanged Horse 
Serum (Preci  gtinogen) in the Cerebrospinal Fluid. 
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Experiment &--Rabbit 13;  weight 1,960  gin.  June 15, 1920.  Subarachnoid 
puncture.  0.5 cc. of cerebrospinal fluid was removed.  0.25  cc. of normal horse 
serum injected.  June 17,  18,  19,  21,  and 23.  On each  of  these days  a  sub- 
arachnoid puncture was made, 0.5  cc.  of cerebrospinal fluid was removed, and 
0.5 cc. of normal horse serum injected. 
Rabbit 14; weight 2,100 gin.  June 15, 1920.  0.25 cc. of normal horse serum 
was injected intravenously.  June 17, 18, 19, 21, and 23.  On each of these days 
0.5 cc. of normal horse serum was injected intravenously. 
Frecipitin Tests witk Sera 13 and 14 against Dilutions  of Normal Horse Serum. 
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Controls:  normal rabbit serum and normal sheep serum against dilutions  of normal horse 
serum, negative. 
Precipitln Tests with Dilutions of Sera 13 and 14 against Serum 15, an Anti-Horse 
Rabbit Serum, in Order to De~ect Unchanged Horse Serum 
(Precipitinogen)  in the Blood. 
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Frecipitin  Tests  witk Dilutions  of Cerebrospinal Fluid  13 against  Serum  15,  an 
Anti-Horse Rabbit Serum, in Order to Detect Unchanged Horse 
Serum (Precipltinogen) in the Cerebrospinal Fluid. 
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June 25,  1920,  2.30 p.m.  Guinea Pig 1,  1 cc. of Rabbit Serum 1314  intraperi- 
toneally.  Guinea Pig 2, 2.5 ce. of Rabbit Serum 13 intraperitoneally.  Guinea 
Pig 3,  1 ec. of Rabbit  Serum  1414 intraperitoneally.  Guinea Pig 4,  2.5  cc. of 
Rabbit Serum  14 intraperitoneally.  June 26, 4 p.m.  Guinea Pig 1, 0.5 ee. of 
normal horse serum intracardially; mild anaphylaetie symptoms.  Guinea Pig 2, 
0.5 ee. of normal horse serum intracardially;  anaphylactie death in 3  minutes. 
Guinea Pig 3, 0.5 ce. o£ normal horse serum intracardially; no anaphylacfic symp- 
toms.  Guinea Pig 4, 0.5 ee. of normal horse serum intraeardially;  no anaphy- 
lactic symptoms. 
Experiment  7.--Rabbit 16; weight 2,100 gin.  June 15, 17, 18, 19, 21, and 23, 
1920.  On each of these days a subarachnoid puncture was made, 0.5 cc. of cere- 
brospinal fluid was withdrawn, and 0.5 cc. of normal horse serum injected. 
Rabbit 17; weight 2,040 gin.  June 15, 17, 18, 19, 21, and 23, 1920.  On each 
of these days 0.5 ec. of normal horse serum was injected intravenously. 
Precipitin Tests witk Sera  16 and 17 against D~aions of Normal Horse Serum. 
Date. 
1920 
June 23 ................. 
"  24 ................. 
"  25 ................. 
1:10  1:100 
~  m 
+  0  ++0 
-,-  ++  + 
++  +  ++++ 
1:500 
++  0 
++  + 
++  + 
1:1,000  I: 5,000 
g~  N 
+  o  "*"  o 
++  +  +  0 
++  +  +  0 
1: I0,000 
o  o 
+  o 
+  o 
Controls:  normal rabbit serum and normal shee  ~  serum against dilutions of normal horse 
serum, negative. 
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14 These sera given on June 25 were withdrawn just prior to guinea pig inocu- 
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Precipitin  Tests  with Dilutions  of Cerebrospinal Fluid 16 against  Serum 15,  an 
Anti-Horse Rabbit Serum, in Order to Detect Unchanged Horse 
Serum (Precipitinogen) in the Cerebrospinal Fluid. 
Date.  1:I0  1:100  1:500  1:1,000 
1920 
June 21 .....................  +  0  0  0 
"  22 .....................  +  0  0  0 
"  23 .....................  Lost.  Lost.  Lost.  Lost. 
June 25, 1920, 2.25 p.m.  Guinea Pig 5, 0.1 cc. of Rabbit Serum 16 intraperi- 
tone.aLly.  Guinea  Pig 6,  1 cc. of Rabbit Serum  16 intraperitoneally.  Guinea 
Pig 7, 2 cc. of Rabbit Serum 16 intraperitoneally.  Guinea Pig 8, 0.1 cc. of Rabbit 
Serum 17 intraperitoneally.  Guinea Pig 9, 1 cc. of Rabbit Serum 17 intraperi- 
toneaUy.  Guinea Pig 10, 2 cc. of Rabbit Serum 17 intrapedtoneany.  June 26, 
4 p.m.  Guinea Pig 5, 0.5 cc. of normal horse serum intracardially; no anaphy- 
lactic symptoms.  Guinea Pig 6, 0.5 cc. of normal horse serum intracardiaUy; 
severe anaphylactic symptoms.  Guinea  Pig 7, 0.5 cc.  of normal horse serum 
intracardiaUy;  died in 4 minutes.  Guinea Pig 8, 0.5 cc. of normal horse serum 
intracardially; no anaphylactic symptoms.  Guinea Pig 9, 0.5 cc. of normal horse 
serum  intracardiaUy;  no anaphylactic symptoms.  Guinea  Pig  10,  0.5  cc.  of 
normal horse  serum intracardially; mild anaphyhctic symptoms.  Guinea Pig 
11 (control; injected May 10 with 1 cc. of normal horse serum intraperitoneaUy), 
0.1 cc. of normal horse serum intracardiany; died in 3 minutes. 
Text-figs. 1 to 3 represent graphically the precipitin response in all 
the rabbits.  Precipitin tests for unchanged horse serum in the blood 
and spinal fluid, as well as the strength of all the reactions, are omitted 
to avoid confusion. 
DISCUSSION. 
The  marked  discrepancy  between  precipitin  formation  in  the 
blood  of rabbits  following intraspinal and intravenous injections of 
the precipitinogen, coincides with differences in clinical manifestations 
after administration of horse serum  by  these  channels.  The  expla- 
nation of the reactions is not clear.  Two alternatives are considered: 
purely mechanical factors whereby horse serum in the cerebrospinal 
fluid gains access to the blood more slowly than when injected directly 
into the veins; and a  specific influence upon precipitin formation by 
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In the first instance, a  gradual introduction of the precipitlnogen 
into the blood may conceivably have a different stimulating effect upon 
precipitin formation than when the entire dose is injected intravenous- 
ly.  This may be especially true when serum is repeatedly given, each 
subsequent intravenous dose tending to combine and thus to use up 
precipitins  already  formed.  That  horse  serum  injected  into  the 
subarachnoid space is detected there 24 and 48 hours after injection 
may be due to leakage from the blood in spite of the clear character 
of  the  cerebrospinal  fluid  after  frequent  punctures.  Flexner  and 
Amoss  15 have pointed out that meningeal injury capable of causing 
permeability is not always sufficient to cause morphological changes 
in the fluid.  Mention may be made of experiments by Jacob,  16 who 
demonstrated iodine  and  other  substances  in  cells  of  the  central 
nervous tissues several days after intraspinal administration.  In the 
studies  reported  here  no  parallel  experiments with  intraperitoneal 
and  subcutaneous injections were made.  However,  it  is  generally 
advocated that intravenous administration of the precipitinogen is 
more effective in  precipitin production than  the  routes mentioned 
above. 
There is little evidence to show that the central nervous system 
exerts a  specific influence on precipitin production and anaphylactic 
reaction.  It is noteworthy, however, that the intracerebral injection 
of horse serum in sensitized guinea pigs is one of the most rapid and 
effective methods of producing anaphylactic shock, as pointed out by 
Besredka and Steinhardt  17 and confirmed by Rosenau and Anderson.  I* 
An interesting phase of these experiments is the small amounts of 
horse  serum  required  to  produce  potent  precipitin  formation in 
contrast to the large doses usually advocated.  This experience has 
recently been confirmed by Mackenzie.  ~9 
Contraxy  to  expectation,  clear  cerebrospinal fluid  was  obtained 
after repeated intraspinal injections of horse serum which contained 
no preservative. 
is Flexner, S., and Amoss, H. L., J. Exp. Med., 1917, xxv, 525. 
16 Jacob, P., Deutsck. reed. Wocl~., 1900, xxvi, 46. 
17 Besredka, A., and Steinhardt, E., Ann. Inst. Pasteur, 1907, xxi, 117. 
is Rosenau, M. J., and Anderson,  J. F., Bull. Hyg. Lab.,  U. S. P. H., No. 45, 
1908. 
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Unfortunately, no cases of meningitis appeared when this subject 
could be studied clinically.  Therefore, whether the clinical reactions 
noted above are due to a mechanism similar to that in these experi- 
ments remains to be proved. 
SUMMARY. 
1.  Rabbits  which  have  received  a  single dose  of  normal horse 
serum in  the  subarachnoid  space  produce precipitins in  the blood 
in  greater  abundance,  of  higher  titer,  and  persisting  longer  than 
those  in  control  rabbits  which  have  received  a  similar  injection 
intravenously. 
2.  Repeated  subarachnoid  injections  of  normal  horse  serum  in 
rabbits induce precipitins in the blood early.  These may appear in 
high titer as  soon as  i  week after the initial injection, whereas in 
rabbits similarly treated intravenously no precipitins are found at this 
time.  They may appear a few days afterward and reach a high titer. 
3.  No  anaphylactic  manifestations  occurred  in  rabbits  treated 
repeatedly with subarachnoid injections of normal horse serum when 
the precipitin content of the blood was high. 
4.  Anaphylactins, as determined by passive transfer of anaphylaxis, 
were demonstrated in sera with high precipitin content. 
5.  These experiments may  explain clinical  evidences of  anaphy- 
laxis, observed when an initial intravenous injection of horse serum 
followed a series of intraspinal injections of such serum. 